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А. BACKGROUND 


Millimeter wave systems offer many advantages over 
microwave systems such as broad bandwidth, higher spatial 
and frequency resolution, low probability of interference or 
interception and small component size. The manufacturing 
and interfacing of conventional components at these frequen- 
cies can lead to tolarence problems. The integrated circuit 
approach at millimeter wavelengths offers great advantages 
in terms of design, low insertion losses, compatibility with 
hybride IC devices, cost and transition to the waveguide 
instruments. Meier (Ref. 1] showed that many components 
like a wide band SPST switch, balance mixer, an endfire 
antenna and a four-port forward coupler could be manufac- 
tured using finline technology. 

This thesis investigates the possibility of using the 
near-field antenna testing technique to improve the design 
of the finline horn antenna and to optimize the gain. It 
also introduces a new coacept, a finline monopulse compa- 


rator and presents the experimental results. 


1. Electromagnetic Horn Antennas 





AN Open-ended waveguide can act as an antenna at 
Microwave frequencies with a very wide beam and low gain. 
Basically there is an impedance mismatch at the open-end of 
the waveguide with respect to tree space. If the dimensions 
of the waveguide are progressively increased to create a 
considerably larger radiating aperture, a highly directive 
radiation pattern сап be achieved. This type of antenna is 


Calied an electromagnetic horn. 
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There are many types of horn antennas but Pyramid. 
and Sectoral are more commonly used and are shown in Figure 
1.1. 

The pyramid horns start from a rectangular waveguide 
and are flared both in the E-plane and in the H-plane. The 
width of the radiating aperture in the H-plane is denoted by 
"A", and the height of the radiating aperture in the E-plane 
is denoted Бу "В". The flared length of the horn in the 
H-plane is denoted by "Ln" and flared length of the horn in 
the E-plane is denoted by "Le" as shown in Figure 1.1(a). 

The sectoral horns are a special class of pyramid 
horns. ‘These are flared either in the E-plane or in the 
Н-ріапе. The terminology used for pyramid horns is also 


applicable to the sectoral horns. 


2. Finline Horn Antennas 


In rinline, a dielectric substrate with metal strips 
опо опе ог both sides is suspended in the E-plane of a 
rectangular waveguide. Sharma (Ref. 2] classified finline 
with metal on one side of the dielectric as unilateral 
finline and that with metal on both sides of the dielectric 
as bilateral finline. A bilateral finline is shown in Figure 
E2. If the fins are made Au, the open circuit from the 
waveguide opening should reflect back as a short at the edge 
of the fins. Thus, it can be modeled as a ridged waveguide. 

According to Meier [Ref. 1], if the dielectric in 
the E-plane of the waveguide is extended beyond the wave- 
guide open end and the metal strip is flared to a 
sufficiently large radiating aperture in the E-plane, the 
resulting antenna can produce a nice radiating pattern. This 
type of antenna nas the potential to mate with MIC's (micro- 
wave integrated circuit). Integrating an antenna  witn a 
receiver can provide advantages in term or size, weight and 


production cost. Such integration is specially desireable, 
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(b) Sectral Horn Flared іп Н-РІапев 
(c) Sectral Horn Flared in E-Plane 


(а) Pyramidal Horn 


Figure 1.1 


Types of Horn Antennas. 
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Figure 1.2 Bilateral Finline. 
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when a large numper of antenna / receiver modules are 
required, as in a рпазед array or multichannel direction 


finding systen. 


B. RELATED WOKK 
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Near-rield antenna testing has not рееп very 
Commonly used in the past to improve antenna design. At 
present only a few near-field measurement ranges are opera- 
tional, put this technique appears to pe heading for an 
exponential growth in the immediate future. 

Harmening (Ref. 3] presented tne results of near- 


field measurement made on the AN/SPY-1 phase array antenna 


at RCA Government System division in 1979. Stubenrauch and 
Nemell (Ref. 4] published the results of some of the near- 
field antenna measurements performed at National Bureau or 
Standards and they particularly mentioned the results of 
measurements made ona large microstrip phased array for 
space born synthetic aperture radar (SAR) applications and 
also provided a comparison between far-field patterns 
obtained from conventional techniques and those calculated 


from near-field data. 


2. Finline Horn Antenna 


ТЕ СЕ осанке ES пуражит страшно —== 


In the finline structure, longitudinal metal strips 
and dielectric layers are suspended in the  E-plane of a 
rectangular waveguide housing to provide capacitive loading 
to the quaSi TE10 mode. This loading widens the single node 
bandwidth as in а Similar structure, ridged waveguide. 
{Ref. 1] 

Meier [Bef. 1] demonstrated that by extending the 
finline beyond the rectangular waveguide and flaring it in 
the E-plane, a Suitable radiation pattern with sufficient 
gain can be achieved. Тһе Ka band finline antenna reported 
Ly Meier had a gain of 13.5 dB. The half power beam widths 
were 44 deg. in the H-plane, and 27 deg. in the E-plane. À 
Simpie finline taper between the aperture and the waveguide 
reed provided an input VSWR of 1.8 across a 4.0 GHz band 
centered at 35.0 GHz. 

Musitano [Refí. 5] measured a series of radiation 
patterns for finline horns already designed by prof. 
J.B.Knorr as shown in Figure 1.3. For difrerent flare 
lengths and angles he measured gain апа 3 dB beam widths in 
the E and H-planes. Most of the radiation patterns were 
unsatisfactory and did not have clear main beams and the 
Side lobes were far too high. The radiation pattern ST 
E-plane and of H-plane are shown in Figure 1.4 and Figure 
1.5 respectively. 
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Figure 1.3 Finline Horn Antenna. 


C. | PURPOSE 


The main purpose of this thesis is to perform near-field 
measurements on the finline horn antenna already designed ру 
Prof. J.B.Knorr and to highlight the causes for the ursatis- 
factory far-field radiation pattern and uSing the near-field 
measurement onservation, redesign the finline horn antenna 
with a uniform phase front. А secondary purpose is, to 
combine two finline horn antennas with a finiine magic-tee 
to form a monopulse comparator апа demonstrate sum and 


difference radiation patterns. 
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Figure 1.4 E-Plane Radiation Pattern of Old Finline Horn. 
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Figure 1.5 
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Badiation Pattern of Old Finline Horn. 
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А. NEAR-FIELD ANTENNA TESTING 


1. Near-Field Testing Process 








Near-field antenna testing is based on the accurate 
characterisaton of the RF field (phase and amplitude) or an 
antenna under test over a measurement plane paraliel to and 
displaced a few wavelengths from the antenna aperture plane. 
The RF field is measured by precisely positioning an ВЕ 
probe at uniformly spaced points in the aperture plane. 
This near-field is then transformed by fast Fourier trans- 
form to an E-plane far-field radiation pattern. [Ref. 3] 

Ihe area of the measurement plane is finite, and tne 
resulting truncation of the measured RF fieid defines the 
maximum angles that will yield ап accurate far-field 
pattern. A schematic relationship and far-field cutoff angle 
criterion for a planer near-field pattern range iS Shown in 


Figure 2212 Fron Figuūure 2:1 
=| 
Ос = tan (Lx-a) ⁄/2D (eqn 2.1) 


QC is the maximum angle to which far-field patterns can be 


accurately determined. 


2. Error Sources 





There are many error sources which contribute to the 
inaccuracy of the near-field measurement. These are 


discussed in the following paragraphs. 
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Pigure 2.1 Near-Field Pattern Range Geometry. 


а. Probe Position Error 


The maln contribution to the total fractional 
far-field error is due to the probe position error. There 
are two type of probe positioning error, the first is out of 
plane displacement (z-direction) of the RF probe and the 
second is in plane horizontal (x)direction and / or vertical 
(y) direction displacement of the probe. The probe is modeled 
as peing at a point ptap On the plane Z = d *Az in front of 
the test antenna. There exists an error pattern due to the 
difference between the desired near electric field at the 
point (rp,d) and the rield actually measured by the probe at 
the pcint (ptap,d+az) as given by: 
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The displacement of the probe from a measurement plane at 
the instant of measurement will cause an error in phase as 
well as in magnitude, which in turn when transformed to 
far-field pattern will introduce error which is a function 
of antenna frequency, aperture size, illumination function 
and gain. In the near-field measurement, probe positioning 
is so critical that Warmening [Ref. 6] suggested probe posi- 


tioning by Lasers for precise near-field measurements. 
b. Probe Pattern Errors 


The probe that measures the near-field of an 
antenna possesses a response which weights tne field of the 
probe over its volume to produce a net signal and this can 
introduce some error when transforming the near-field meas- 
urenent to the far-field pattern. There are many dizrerent 
ways to overcome this error. Huss [Ref. 7] suggested that if 
the probe antenna characteristics are known then probe 
pattern correction should be applied when transforming tne 
near-field measurements in to far-field pattern or the sepa- 
ration distance between the measurement plane and antenna 
face should be increased to several wavelengths to avoid any 
probe pattern error. 

The probe pattern is more important for small 
probes and when the measurement plane is witnin 1-2 wavel- 


engths from the antenna face. 
с. Probe Polarization Error 


The probe's output not only depends upon its 
position on the measurement plane but is also a functicn of 
its polarization. If the polarization of the probe and the 
antenna are not matched, the probe will not respond to all 


the field present at that point. It is hard to know the 
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polarization of the probe and the antenna both before hand. - 
Hammening [BRef. 6] suggested that if it is assumed that the 
probe and antenna are not well matched, two separate scans 
with the probe mounted in the co-polarized апа сгоѕѕ- 
polarized configuration should be performed. This would 
double the scan time and increase data reduction time. Ther 
data from both scan polarizations as well as from probe 
calibration (if any) should be combined to obtain final 


antenna RF performance. 
d. Multiple kKeflections 


The determination of test antenna radiation 
pattern from near-field measurement assumes that the meas- 
ured data does not include multiple refiections from the 
near by objects or testing probe etc. Both amplitude and 
phase variations arising from multiple reflections can mask 
the desired field distribution along the scan plane. This is 
particularly true for a probe / test antenna separation 
distance on the order of one wavelength and for frequencies 
where the probe becomes electrically large. Grimm [Ref. 8] 
suggested that error due to multiple reflections could be 
avoided either by increasing the probe to test antenna sepa- 
ration distance or Dy averaging several sets of near field 


data taken at various multiples of A/8 separation. 
e. Instrumentation Errors 


A final scurce of far-field error is due to the 
inprecision of the near rield test instruments. As stated by 
Grimm [Ref. 8], typical microwave receivers measures RF 
phase to within 0.05 deg for maximum amplitude input and to 
within 0.5 deg when the BF signal amplitude is 20 dB down 
irom the maximum. Such a small phase variation contributes 
negligibe error to the far-field pattern. However, the 


typical receiver's inability to measure RF amplitude 
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accurately contributes Significantly to the far-field 


pattern error. 


В. HCRN ANTENNAS 


The standard electromagnetic horn can be used either as 
a primary antenna or as a reflector feed driven from a wave- 
guide. Horns are flared in the E and or H-planes according 
to the design requirements. When the energy is transmitted 
from the horn there may or may not be a reflection of 
energy. A reflected wave will inevitably disturb the inci- 
dent wave and give rise to a standing wave. If this ratio is 
equal to 1, there is no reflected energy; i.e all the energy 
provided by the waveguide is transmitted into space by the 
horn and there is a perfect inpedance match of the hcrn with 
free space. From the Reciprocity Theorem, it follows that 
under such circumstances, all the energy arriving from free 
Space and entering the horn will be passed to the waveguide. 
The horn may therefore be considered as a transformer 
between waveguide and space. 

The mouth of the horn 1S a radiating aperture andthe 
the radiation from this aperture would depend upon the 
distribution of amplitude and phase in the aperture plane. 
In fact, it is more complicated because the external walls 
of the horn contain currents which intluence the far-field 
radiation pattern, Therefore it is very difficult if not 
impossible to make precise calculations. For horns with 
large aperture, it is the amplitude and phase distribution 
of the aperture field which has the predominating influence 
on the radiation pattern. For horns with dimensions which do 
not exceed опе ог two wavelengths the effect of currents 
circulating on the external walls becomes appreciable. 
(Ref. 9] 
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The field variation across the aperture of an electro- 
magnetic horn is similar to the field distribution of the 
TE10 mode across a rectangular waveguide. The field ampli- 
tude distribution is uniform in the Е-рјапе and obeys 
approximately a cosine law in the H-plane. If we consider 
the aperture of a horn in the H-plane the field intensity is 
maximum at the center of the horn and falls gradually to the 
sides and at the side wall or the horn, the field vanishes. 
Therefore we can define the aperture of a horn in the 
H-plane in another way; half the radiating aperture (A/2) is 
equal the distance from the point of maximum field amplitude 
to the pcint where the field amplitude becomes sufficiently 
negligirle. 

According to Thourel [Ref. 9], the beam width іп the 
E-plane and in the H-plane for a regular horn antenna can be 
approximated by 51* AB апа 69% А/А respectively. 
According to Ghandi [Bef. 10: p. 140] for the optimum design 
the gain of a pyramid horn can be approximated Dy 
O.5*4 Tr * (AB/X), the gain of а sectoral horn flared in the 
H- plane can be approximated Бу 0.63%4 7 *(АВ/Х ), and the 
gain of a sectoral horn flared in the E-plane can be approx- 
inated by 0.65*4W *(AB/ x). The constant terms 0.5,0.63 
and 0.65 are illumination factors. Therefore, the gain or 


any pyramid or sectoral horn can be approximated ру 
Gain - (constant) *4TT* (AB/X ) (eqn 2.2) 


where the constant is the illumination efficiency. 


Equation 2.2 can also be written as 
Gain = C * (AB/X ) (едп 2.3) 


where C = (Illumination efficiency) * 4W. 
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1. Finline Horn Antenna 





The theory and design considerations for a finline 
horn are not altogether different from those for a standard 
electromagnetic horn. For the standard electromagnetic horn 
the medium of propagation is air , where as in the finline 
horn the medium of propagation is partially dielectric 
material and partially air. 

Basically the finline horn is fed from a slot and 
the slot can be transitioned from waveguide, coaxial cable 
or from another micrcwave device e.g. finline magic-tee, 
depending upon the design requirements. The width of the 
slot is very critical. If it is fed from a coaxial cable it 
should match the impedance of the coaxial cable, if it is 
fed from another microwave device it should match the 
impedance of that device and if it is transitioned from a 
waveguide, then the width of the slot iS a variable paran- 
eter. The waveguide can be matched to the desired width of 
the slot by taper design as described by Adalbert and Ingo 
(Ref. 11]. 

in addition to the slot width, the height of fins in 
the waveguide is also an important factor in the design of 
finline horns. For the ideal design tne height of fins 
Should be A/2, so that the short from the waveguide wall 
Should reflect back as a short at the edge of the fins. In 
that case the finline can be modeled as a riged waveguide. 
The ideal design requirement for the slot width and the fin 
height are difficult to meet, but through suitable selection 
of dielectric material both conditions can ое satisfied. If 
under some circumstances the condition of А/2 for fins can 
not be satisfied, then the finline cannot exactly Le modeled 
as a ridged waveguide but it can be visualized as two fins 
in the waveguide and most of the field will concentrate 


between the fins depending upcn the dielectric constant of 
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the material. In our experiment, we will consider finline- 
horn driven with different slot widths and discuss the 
results obtain from these changes. 

For the finline horn, we have physical control of 
the flare length, flare angle and radiating aperture in the 
E-plane, but we have no physical control on the parameters 
in the H-plane. However by using different dielectric 
Material, we can control the effective aperture length in 
the H-plane. 

AS mentioned in the preceding paragraphs, halt of 
the radiating aperture (A/2) in the H-plane can Ге derined 
from the maximum field strength point to tne point where the 
fleld becomes negligible. If we use the higher dielectric 
constant material, more field will be concentrating in the 
dielectric and the point of negligible field strength will 
nove closer to the center, thereby reducing the aperture 
size in the H-plane. Therefore, we can control the radi- 
ating aperture in toe H-plane by using different dielectric 
Materials. Mathematically we can define the  H-plane radi- 


ating aperture (A) by the following equation, 
Ke, Ke, 
А = Ki * 1 / (Er) ог А /у = К1 * 1 / (Ег) (egn 2.4) 


where K1 and K2 are constants. 

Now considering the simplified gain eguation of 2.3, 
we knc the physical dimensions of B/, of the finline horn 
and we can approximate the dimensions of A/, from Equation 
2-4 . If we substitute the А/х Егош Equation 2.4 into 
Equation 2.3 , we get 


Gain = C1 * O. (eqn 2.5) 


А» (ЕХ) 


Where C1 and C2 are constants. 
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If by some means we can find the values of the 


constants C1 and C2, then we can approximate the gain o£ a 
finline horn antenna. Че will use the experimental approach 
to find the values of C1 and C2 in the next chapter. 
Similarly the  beamwidth in E and H-planes can be approxi- 
mated by K1*A/B and K2*(Er)> respectively and constant terms 


can be found from the experimental results. 


2. Design Considerations for the Finline H 


There are many design parameters which need to be 
considered for the design of a finline horn antenna. In the 
following paragraphs we will discuss each one of then. 

Given the gain and beamwidth of the finline horn 
antenna, we need to calculate the flare length (Le), flare 
angle, radiating aperture (B) and Er. The flare length is 
normally defined in terms of number of wavelengths in the 
dielectric. The Le normally depends upon the gain we want 
and hcw long a horn antenna we can arford to make. A series 
of curves for different Le's has been shown by Јазак 
[Ref. 12:p. 10-6].  Inese curves are plotted for b/A vs 
се* (миа). For a specific le, the беж(Аа) increases with 
an 1ncrease in b/A and reaches an optimum value and any 
turther increase in Б/х beyond the optimum value decreases 
the Ge* (A/a). AS mentioned previously, we have no physical 
dimensions in the H-plane, however we have establisned an 
equivalence in terms of dielectric constant. Че сап 51111 
use these curves but cannot calculate the exact gain. One 
Might consider taking b/, for the optimum value, but tnis is 
not always the best solution because in addition to high 
gain we need a well defined main beam and low side lobes. 
Jasik [Ref. 12:р. 10-51 shows the universal radiation 
patterns in the E and H-planes. These Flgures have гееп 
replotted ir Fljures 2.2 and 2.3. As shown in Figure Zee 


for lower side iobes we need to have a lower value o£ 


2d 


э а ج و‎ 


maximum phase deviation in wavelength (S), which is defined 
by 


۹ 7 (8 * À * Le) (еп 2.6) 


Where В 15 radiation aperture in E-plane 
Le is flare length in E-rlane 

and А іс wavelength in air. 

Prom Figure 2.2, we can see that for a good radiation 
pattern, we need to have S < 0.125. A higher value of S will 
give a completely distorted radiation pattern. These curves 
of Figures 2.2 and 2.3 are for design of regular horn 
antennas. Now tae question arises as to wether we can use 
these curves for a finline horn and if so wether we should 
take the wavelength in air or dielectric. We will Show in 
our experiment that these curves are still applicable. We 
sould use the wavelength in air for calculation of S because 
when waves leaves the radiating plane they are in the air. 
The Figure 2.3 shows the universal radiation patterns in 
the H-plane. These patterns are also functions of maximum 
phase deviation (in wavelengths) in the Н-р1апе. Maximum 


phase deviaticn in wavelengths (T) is defined by 
~ 
T = 4 / (8 * A* Lh) (eqn 2.7) 


Where A 1S radiation aperture in H-plane 
Lh is flare length in H-rlane 

and ^ is wavelength in air. 

In equation 2.7, most of the terms are unknown in tne case 
of a finline horn. we can see from Figure 2.3 that tor this 
case also a lower value of T is desireable. However, а 
higher value of Twill not seriously distort the pattern, 
put will give a wide pattern, Which can be controlled by 


Suitackle choise of dielectric material. 
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From the above paragraphs we can concluded that 
radiating aperture (B), flare length (Le), flare angle and 
Er are interrelated апа they need to be carefully selected 


according to the design requirements. 


The radiation from an aperture is governed by the 
distribution of the fields on it. A reflector may be consid- 
ered aS an aperture, and its radiation pattern is governed 
by its illumination. In the most general case this illunita- 
tion is supplied by the horn radiating towards the 
reflector. The distribution of the field at the aperture 
thus depends upon the shape of the horn's radiating plane. 

Tae field distribution at the aperture of a regular 
hora antenna is quite difficult to change. However, some 
methods have been discussed by inoural [Ref. 9]. In the 
case of a finline horn antenna, tne field distribution at 
the radiating aperture can very effectively be varied. 

Under normal circumstances the field distribution at 
the aperture has a semicirclar shape and the direction of 
propagation iS perpendicular to the field. If we visualize, 
we have a diverging field. то achieve a uniform phase front 
at the radiating aperture, then the 1 must be 
propagating parallel to the  z-direction. In the following 
paragraphs, we will discuss a method to obtain a uniform 
phase front on a finline horn antenna. 

FOr a uniform phase front, basically what we want is 
to slow down the zield in the center or make the field at 
the edges to go fast, so that at the horn mouth, ail the 
wave elements have the same phaSe. This can be done in 
several ways. One of the methcds we considered was to drill 
noles in the dielectric edges to make the wave move faster 
on the edges and gradually slow down in the center. This 


concept is guite difficult to implement because it is hard 
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Figure 2.3 Universal Badiation Pattern in H-Plane 
(After Jasik, ref. 12). 
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to calculate the exact size, numbers and position of the 
holes. The second method we considered was to extend the 
dielectric beyond the horn mouth ina particular Shape, so 
that the waves in center should keep on moving at the speed 
in the dielectric and at the edges the wave should move at 
the speed in the air and in some plane in front of the horn 


antenna, the field will have a uniform phase front. 
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Figure 2.4 Ріп1іпе Horn Antenna with Uniform Phase Front. 


Ihe finline hcrn antenna with extended dielectric is 
Shown in Figure 2.4. Where plane acb is the aperture plane, 
the curve adb is a constant phase surface, and curve aeb 1s 
the extended dielectric shape to produce а uniform phase 
front at an imaginary plane xey. If we carefully visualize 
the Figure 2.4, we are lntreducing a converging lens in 


front of the aperture plane. 


The lens theory is not a new concept. It has peen 
previously considered by Fradin [Ref. 13], but he put a 
particular shape of dielectric in the mouth of the regular 
horn antenna in order to change the phase front in a desired 
way. In that metnod the wave was transitioning from air to 
dielectric and back to air. In the finline horn antenna, we 
are extending the dielectric and it is the shape of the 
dielectric which produces the uniform phase front at ап 
imaginary plane. In the following section we will derive the 
equation to calculate the precise length of extended dielec- 


tric beycnd the aperture. 
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Figure 2.5 Geometry of Uniform Phase Front. 
Ihe finline horn antenna is symmetrical aktout its 


center axis, therefore we will only consider half as shown 


in Figure 2.5. Here L is the flare length fron origin tovcae 
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constant phase surface, is the flare angle, су is tne. 
uniform phase surface, P is the length of tne extenced 
dielectric at the center, Q 15 tne racial length rron edge 
of horn to the uniform phase front and b is the radial 
length of the extended dielectric at an angle . 

We need to calculate tne radial extension (р) іп 
terns or angie Irom the origin. In order to ortain a 
uniform phase front at plane ey as shown in Figure 2.5, we 
need to make the distances P , Q and a + b electrically the 
same. It was assumed during these calculations that inci- 
dent field at the edge of dielectric is perpendicular to tne 


dielectric shape, therefore reflection can pe neglected. 

= E [EE = a+ b [Er (ean 2.3) 
бод triangle oye of Figure 2.5, 

L + P = (L + Сс) * COS (d) (eqn 2.9) 


Неве дара P in term of Q from Equation 2.8 in Equation 
2.9. 


L + P = ( L + pÍzr) * COS (Ñ (еап 2.10) 


ош Equation 2.10, 
(1-С05 A 2 E 
Р в ----------- * (egn 2.11) 
(Ercosd -1) 


This will give us the gaxigum height of dielectric at the 
center, In order to calculate the heignt "bk" in term of 


angle & From triangle oze of Figure 2.95, 
ШІ І РІ - СБ ға +b ) “ СС5Фр) (egn 2. 12) 


where 0 < Š < ез. 
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From Figure 2.5, when e- 0 
R =L +P or p = BP 


and when P=A 
R = L or b= 0 
Fron Equation 2.12, 


L(I-coS É) + P т 
в + Ва -------------- (eqn ls o 


From Equation 2.8, we know that 
а + БЕГ = РЈЕГ (eqn 24.14) 


Solving simultaneously toe Equation 2.13 and Equation 2.14, 
we get 


((1-С050) % РС1-(Егсов В» 
MAC eee ESE о 727175 (есп 22157 


соѕ 2 с1- fer) 


5405515411049 value of ? Erom Equation 2211 2рсо u ненц 


Е 


В == [> * L (eqz 28 1о) 


COS P c1- [Ero 


This formula for "5" can be evaluated” it MESE 
computer, which can draw tne exact shape of the extenaed 


dielectric for the uniform phase iront. 


Ce BONOPULSE BADAB ANTENNAS 


Ihe typical monopulse radar antenna system consists of 
four identical reflector feeds, interconnected with three or 


more magic-tees. Tne signals to and rrom tne tour feeds age 
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added and subtracted in various combinations to produce 
three outputs. 

All four of the feeds are summed together in phase to 
produce the sum Channel. This signal is connected to the 
radar via a traditional T/R (transmit/receive) device. 

The two difference channels provide the tracking infor- 
mation.  Tàe elevation port developes the difference of the 
upper and lower feeds, while the azimuth port produces the 
difference petween the left and right elements. If a попо- 
pulse antenna is pointing exactly at a target there will be 
a strcng signal in the sum channei and apsolutely no signal 
in either the elevation or azimuth channels. The null in the 
difference channels is the result of shifting two identical; 
signals 180 degrees from each other, апа then addirg then 
together. The phase shifting and addition is acconpiisned in 
the magic-tees. 

The radar return from a target that is slightly left of 
the monopulse antenna extended center line will reach the 
left elements of the antenna before it reaches the riyht 
elements. This will produce a slight phase snift between the 
two returning pulses in the azimuth channel. 

With this alignment, there will not be complete cancel- 
lation after the two signals are shifted by 180 degrees and 
then added. The resulting "difference" signal will increase 
in amplitude and shift in pnase as the target gets farther 
away from the antenna boresight. There will also be a 180 
degree phase shirt in the difference channel as a target 
crosses the antenna Lboresight. [Ref. 14] 

Since the null in the difference port can only occur 
With exact target/ antenna alignment, it signifies the exact 
center ot both the sum and difference antenna patterns. 

When this inrcrmation is ccmbined with range data, the 
target's location can be limited to an arc on the plane tnat 


bisects the two halves of the antenna. The point where ture 
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elevation and azimuth arcs cross, is directly in front of 
the antenna. The line between the monopulse antenna and this 
point is commonly referred to as the boresight of the 
antenna. 

If the outputs of the difference channels are monitored 
while a target 15 within the main bean of the sum pattern; 
the target can be classified as exactly centered, a little 
left, a little right, alittle low, а little high, or a 
combination of these directions. 

As defined by Skolinik ([ Ref. 14], both amplitude and 
phase comparison monopulse systems use the phase of the 
difference signal to determine which siae of  roresignt tae 
target is on. The amplitude comparison systen uses the rela- 
tive amplitude of the difference channel (as compared to the 
sum channel) to determine how far a target is from tae 
extended center line, while the phase comparison systen 
Obtains this information from the exact phase of the differ- 
ence channel. 

These techniques were initially called simultaneous 
lobing, since all four lobes are sampled during each and 
every returning radar «echo. The trait of  obtairing а 
complete tracking solution in only one pulse, finally lei to 
tne current designation of "Monropulse". (Ref. 14] 

Earlier tracking radars such aS conical scanning and 
lobe switching systems required numerous pulses to obtain 
the same information. The accuracy of these older systens 
was often degraded by tne pulse to pulse amplitude varia- 
tions. Monopulse systems, which are tree of distorticr, have 
achieved tracking accuracies of 0.003 degrees. [Ref. 14] 

Two popular forms of amplitude comparison monopulse 
antenna systems are illustrated in Figures 2.6 and 2.1. 
(Ref. 14) 
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Square Monopulse Feed, with four Horns, 
and four Magic-Tees. The Sum Port is 
connected to the Transmit/Receive Device. 
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Figure 2.6 Square Monopulse Feed. 
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Figure 2-7 Diamond Shaped Monopulse Feed. 
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ТТТ. ЕХРЕВТМЕМТ 


А. NEAR-FIELD ANTENNA TESTING 


For the near-field antenna testing, the first thing 
required is some sort o£ mechanism to hold the test antenna 
in a fixed position and to position and move the measurement 
probe precisely in steps, parallel to the antenna aperture 
plane. The test-bench made for this purpose is shown in 
Figure 3.1. This test-bench was made mostly of wood, except 
the slotted line , which was used for positioning the meas- 
urement probe. During measurement, the test-benca was 
completely covered with echosorb to avoid any reflection 
from nearby objects / instruments. 

The following test equipment was used to complete the 
near-field test set-ur. 

1. НР 9845B Computer with 11863E software. 
2. HP 8409C Vector Network Analyzer. 
3. Designed Test-Eench. 

The complete set-up is shown in Figure 3.2. The aost 
important piece in the set-up is the network analyzer. The 
network anaiyzer measures the reflected and / or transmicted 


power and displays it as the S-parameters of a 2-port 


с 


OL 


UJ 


network. Tais equipment is controled by the HP 9345 
computer using 11863E software. 

шегір де horn antenna Shoan in Figure 1.3 was 4 
on the test bench as shown in Figure 3.1, such that its 
бр аге was parallel to the ground and to the 
line used for probe positioning. A very small 
was used aS a weaSurement probe, which was cons 
best possipnle choice. The antenna waS conn 


networx analyzer unkncwn port and the measurement prose was 
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Figure 3.1 Near-Field Measurement Test- Bench. 


connected to the transmission port as shown in Figure 3.2. 
The system was calibrated to measure S21, the transmission 
coefficient at the particular probe position. 

For near-field measurement, the number or neasurenents, 
Step size for measurement and the separation distance 
between the test antenna and measurenent plane are very 
iaportant. when transforming from near-rield measurements to 
the far-fleid pattern, the number or measured saaples should 
ре а рочег ог 2 and if the number of samples 1S not a power 
О: 2 , it should be padded up with zeros to make the toral 


Samples equal to the reguired number. The meaSurenents aere 
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Figure 3.2 Bear-Field Measurement Set-up. 
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decided to chose a separation distance of 5 mm, which was 
much smaller than the wavelength. When N discrete near- 
field measurements are transformed to obtain the iar-rield 
pattern, it gives N discrete points of the far-field, and 
these points are converted to far-fieid pattern with the 
following equation, 


= 2 = (eqn 3. 1) 


where Q is the beam angle, 
N is total number o£ near-field measurements, 
n is the far-field discrete point number, 

and SS is the step size. 

The visible limits for any far-field pattern аге % 90 
deg., it we want far-field pattern up to visible limits , 
then n = N / 2 andQ = 90 deg., if we substitute tnese in 
Equation 3.1, we get SS < A/ 2. The test antenna used for 
near-field measurements Бад ап aperture of 100 on, we 
elected to use 5 mm step size in order to nave enough neas- 
urements to transform. 

The slotted line used for probe positioning was 
accurately positioned parallel to the antenna aperture, 16 
measurements were taken on either side of the antenia center 
with a step size of 5 um apart, which gave a total scan 
plane oz 160 mm. Substituting these values in the Equation 
2.1, gives the far-field limits of 80.2 deg. 

During near-field antenna testing, to avoid any probe 
pattern and / or probe polarization error, we decided to 
take the same measurements by turning the probe at four 
different positions, two in the co-polarizaticn plane and 
two in the cross-polarization plane. Throughout tnis tnesis 
“loop 0 deg." is the probe іп the co-polarization plane and 
"loop 180 deg." is also the probe in the co-polarization 


plane but 180 deg. shifted fron "loop 0 deg." measureuent 
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position. Similarly the "loop 90 deg." is the loop in the 


cross-polarization plane and "loop -90 deg." is also the 
probe in the cross-polarization but 180 deg. Shifted from 
the "loop 90 deg." meaSurement position. "Loop O0 deg." and 


"loop 180 deg." measurements are vectorally added to compen- 
sate for any probe pattern error. “TOOP 9O deg." and “loop 
-90 deg." measurements are vectorally added to the "loop 0 
deg." and "loop 180 deg." to compensate for any probe 
polarization error. 

The near-field data (phase and amplitude) from each of 
the fcur scans was then input to a program written for IBM 
main frame computer, which calculates the resultant from the 
measured data. It also normalizes the phaSe and magnitude 
with respect to the highest value, and performs the fast 
Fourier transform on the resultant in order to ocktain the 
far-field pattern. The listing of the computer program is 
included as Appendix C. 

The normalized magnitude of measured and resultant field 
is shown in Figure 3.3 and the phase of the measured and 
resultant field 1S shown in Figure 3.4. From Figure 3.3 it 
can be seen that resultant field is mainly function of the 
field in the co-polarization plane and the cross- 
polarization field contributes negligibly to the resuitant, 
therefore tor the calculation of the resultant field, the 
cross-polarization measurements need not pe considered. j 
we carefully visualize the magnitude of the "loop 0 dey." 
and "loop 180 deg." measurements in Figure 3.3, it can be 
Seen that the "loop O0 deg." measurement are mirror image ot 
the "loop 180 deg." measurements, put their peaks are not 
aligned and are not symmetrical about origin. 7۰ also 
pe seen from Figure 3.4, that there is a phase shift ретчгеп 
the measurements. Since the test antenna 1S Symmetrical and 
we expect to have symmetrical field distribution asout the 


origin, it will be more reasonable to take опју one 
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Measurement in the co-polarization plane and then add the 
mirror image of the same measurement oy aligning the peaks 
of the magnitude. This procedure will be more accurate and 
will eliminate any probe pattern error. The nhornalized 
Magnitude of measured and resultant field obtained with tnis 
procedure is shown in Figure 3.5. The measured, resultant 
and theoretical phase of an electromagnetic horn as 
explained by Jordan and Balmain [Ref. 15] is shown in Figure 
32262 


В. OBSERVATION OF NEAR FIELD MEASUREMENT 


It was observed during the near-field measurement that a 
slight movement on the top or bottom of the antenna greatly 
changes the amplitude of the field, which clearly shows the 
tact that field was also radiating from the top and botton 
of the dielectric. 

Ccmparing the resultant phase with the theoretical phase 
Shown in the Figure 3.6, 1% сап be seen tnat theoretical 
phase shifts parabolically to the sides, whereas the resul- 
tant measured phase only approximates this shape. The phase 
deviations across tne aperture contribute to loss of main 
beam gain and an increase in sideiobe levels. 

Fourier transform or the  near-fieid measurements was 
converted to a far-field pattern using the Equaticn 3.1. 
Far-field pattern was not very accurate because it was was 
being predicted with only 11 points, therefore it did rot 


have the resolution. 


са REDESIGN OF FINLINE HORN 


In this section, we will inprove upon the design of the 
finline horn antenna and discuss the different parameters 
which can effect the performance of the finline horn. Ав а 


first step to stop the radiation from the top and bottom of 
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Figure 3.3 
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Modified Near-Field Normalized Magnitude. 


Figure 3.5 
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the antenna through the dielectric, we decided to make the 
metallic flared strip throughout of uniform width. The strip 
width can be made A/4, so that the open from the edge of 
the fins should reflect back as a short or it can be made 
A/2in which case we put a copper tape on the outer edge of 
the fins so tnat the short at the outer edge reflects back 
aS a Short at the fins inner edge. 

Ihe neu design of finline horn antenna with some of the 
уагіагіє parameters is shown in Figure 3.7. їп аайлтттоп to 
the parameters shown in Figure 3.7, the dielectric constant 
of the material and the maximum phase deviation in wavel- 
engths, (5). also influences the far-field radiation 
pattern. For the initial design, we selected Er = 2.54. itn 
this dielectric constant it was not possible to obtain a iin 
height of A/2, as explained in preceding section, therefore 
we had choice of selecting the different slot width and ts 
find the optimum size of slot from experimental results. 
The slot was matched to the waveguide by a taper! design. 

A computer program was written on HP 9845; computer, 
which draws the outline of finline horn antennas with tne 
specified parameters and uniform phase front on a HP 9872C 
plotter. This drawing can then further be used for etching 
of the horn antenna on the substrate. The listing of the 
program is included as Appendix E. A finline horn antenna 
with test rixture is shown in Figure 3.3. 

Тһе tecanigue of optimization by trial and error was 
used to find the best design of the finline horn antenna, 
The different designs of finline horns fabricated ana tested 
are listed in table I with their parameters and some of tne 
finline horn antennas tested are shown in Figure 3.9. 

A Microline 56X1 regular standard gain horn was used as 
a reference, to compare the shape of the radiation pattern 
and calculate the gain of the finline horns. Most of our 
radiation patterns were taken at 10.0 GHz, the Microline 


56X1 had a gain of 16.2 dB at this frequency. 
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Figure 3.8 Finline Horn Antenna with Test Fixture. 


D. RESULTS FOR FINLIHE HORN ANTENNAS 
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К 6005 ОС Ііпііпе Horm antennas and to find out tne ef:ect 


of different parameters over the performance of the riziize 


horn artenna. 
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tant to mention a few  possiLle tractors hE оста 
contriLute to the asymmetry of the measured pattern. 

ВЕ тои ог the radiation chamber is shown in Fijuce 
3.10. It can be seen that the champner is not symmetrical and 
Barticulally, at *36 degree Deam, the test antenna faces a 
са риесицег апа ас - 16 degree beam, the test antenna faces 
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Figure 3.9 Some of the Finline Horn Antennas Tested. 
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A 


a straight wall. Therefore at this angle, there will be 
asymmetry in the measured radiation pattern. Secondly the 
absorber used to avoid reflections from the chamber walls is 
of very poor quality and when the test antenna is facing 
toward the side walls, it receives a high reflection which 


results in false side lobes. 
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Figure 3.10 Layout of Radiation Chamber. 


The X-band slotted line used as a shield for the feed to 
the  finline horn antennas is also not symmetrical. 
Therefore, it might contribute to some extent to the asyn- 
metry of the measured radiation patterns of the finline horn 
antennas. 

The far-field radiation patterns of rinline horn 
antennas and the return loss of some of the antennas are 


included in Appendix A. 
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Figure 4.1 shows the E-plane radiation pattern of the 
finline horn "A" with uniform phase design. It had a gain 
of 12.2 dB and E-plane beam width of 22.0 degrees but it haa 
high shoulders. Figure А.2 shows the E-plane radiation 
pattern of finline horn "A" without uniform phase design. It 
had а gain of 10.2 dB and E-plane beam width of 24.0 
degrees. It can be seen from these two Figures that the 
uniform phase design increases the gain by several dBs anc 
narrows down the beam in E-plane. The amount of increase in 
gain depends upon the radiating aperture and is not a fixed 
number. 

The Figure A.3 shows the radiation pattern of finline 
antenna "B", the far-field pattern of finline horn antenna 
"B" had very high side lobes as compared to the radiation 
pattern of finline horn antenna "A". This is due to the fact 
that finline horn "B" had a large aperture and a  nigher 
value of S as compared to the f£inline horn antenna "А". 

"фе radiatior pattern of finline horn "C" is shown in 
Етап: е А.4, its sidelobes are also quite hign as compared to 
the finline horn "A". The finline horn "C" and "Dp" had same 
parameters except tnat the finline horn "D" had a wide feed 
iine slot width as compared to the finline horn "C". It can 
be seen from tne radiation pattern shown in Figure A.5, that 
the side lobes are even higher then the main bean. By 
inserting a piece of echosorb in the opening of the wave- 
guide feed the sidelobes carn ke reduced as Shown in Figure 
А.6. This indicates that wide feed line slots cause pattern 
degradation due to secondary radiation from the end of the 
feed lineshield. By inserting the echosorb in the moutn of 
tne waveguide, the radiation from this source was stopped 
and the radiation pattern achieved with this conrriguration 
was determined only Бу tne finline horr antenna. But the 
finline horn "C" still had a better pattern as compared to 


the finline horn "D". 
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Тһе finline horn "E" had the same parameters as finline 
horn "D" except that the horn "D" had a flare strip width of 
Au and the horn "E" had a strip width of A/2 and copper tape 
on the outer edge to create an electrical short. The finline 
horn "E" also had a wide slot width. The radiation patteras 
of finline horn "E" with and without the echosorb in the 
waveguide are shown in Figures A.7 and A.8 respectively. 
Comparing the patterns of finline horn "D" and "E", іс сап 
be seen that finline horn "E" had better radiation pattern 
as compared to the finline horn "D". 

Summarizing the results of the far-field patterns of 
finline horns A,B,C,D and E, for lower side lobes, a lower 
value of 5 і5 desired, or the order of 0.1 or less. A slot 
width of 2.5mm gives better resultS as compared to a slot 
width of 5.0mm because the field concentrates in the slot. А 
flare strip of A/2 works better than a flare strip of A/4 
because it provides a positive Short at the outer edge and 
reduced radiation leakage from the edges of the horn. 

Тһе finline horn "Е" was made with the optimum parame- 
ters obtained from the preceding results, with S=0.1, slot 
width of 2.5mm and flare strip width of A/2 with copper tape 
on the outer edge and flare length of 150.6mm  (Le-8*Ad), 
which gives a radiating aperture of 47.6mm. The E-plane and 
H-plane radiation patterns are shown in Figures А.9 апі А. 10 
respectively. It сап be seen trom these Figures that the 
рита пе horn "Pe пай а very clear radiation pattern with a 
well definea main bean, gain of 10.7 GB and  E-plare beam 
width o£ 26.0 degrees. H-plane beam width of 36.0 degrees. 
Side lobes were approximatly 13 dB below the main beam in 
the E-plane and 9-10 dB below the main beam in the H-plane. 

Tc further improve the gain of а trinline horn , we 
increased the flare length to 188.2mm (Le=10*Ad) to achieve 
a wider aperture while keeping the other parameters the same 


as for finline horn "Е". The E-plane and H-plane radiation 
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patterns of finline horn "G" are shown in Figures A.11 and 
A.12 respectively. It can be seen from Figure A.12 that it 
had gain of  13.0dB in the H-plane but only 11.0 dB in the 
E-plane. This discrepancy might Le due to the fact that the 
finline antenna in the E-plane might not be pointing exactly 
at the transmitting antenna center and may be tilted down 
due to its extra length. Тһе finline horn "G" had a beam 
width of 22.0 degrees in the  E-plane and 36.0 degree in the 
Н-р1аге. We were able to obtain the higher gain by 
increasing the width of the radiating aperture, but with the 
available dielectric material and under these  laroratory 
conditions, it was not possible to make large antennas. 

Next we considered improving the gain Бу further 
reducing the slot width. The finline horn "H1" had the same 
parameters of  finline horn "F" but the slot width was 
reduced to 1.6mm. The E-plane and H-plane radiation patterns 
of Ёірііпе horn "Hi" are shown in Figures A.13 and A.14 
respectively. The finline horn "Hi" nad a gain of 12.2 dB 
and béamwidths of 25 deg. and 40 deg. in the c and H-planes, 
respectively. The side lobes at 36 deg. were approximatly 
э ав lower than the main beam. It сап Бе seen from Figure 
А.13 that E-plane side lobes are підһег on one side as 
compared to the other side. This iS probably due to the 
Shape of the radiation chamber and multi раба refiections 
from the corners of the chamber. The finline horn "H1" had 
1- 5dB higher gain as compared to the finline horn "F". This 
shows, that a slot width of 1.6mm gives better results as 
compared to a slot width of 2.5mm. Therefore, for other 
experiments we used a slot width of 1.6mm. 

Тһе finline horn "Hi" had a flare angle of 18.2 degrees. 
не made two more antennas with tne Same parameters as 
finline horn "Hi" but with different flare angles. The 
гіпііге horn "H2" had a flare angle of 20.2 deg. and finline 


horn "H3" had a flare angle or 22.2 deg. The finiine horn 


"H2" had a gain of 13.3 dB. Beam widths were 23.0 deg. апа. 
36.0 deg. in the E-plane and the H-plane, respectively. The 
E-plane side lobes were 12.0 dB lower than the main bean. 
The radiation pattern of horn"H2" in the E-plane and in the 
H-plane are shown in Figures A.15 and A.16 respectively. 
The finline horn "H3" had a gain of 12.0 dB and the bean 
widths were 22.0 deg. апа 580.0 deg. in the E-plane and the 
H-plane respectively. The sidelobes were 10.0 - 12.0 dB 
lower than the main beam. The radiation patterns ої 
horn"H3" in the E-plane and the H-plane are shown in Figures 
А.18 апа A.19 respectively. 

The gain of finline horn antennas  "H1","H2" and "H3" 
were measured for a frequency range of 8.2 GHz to 12.4 GHz 
and are shown in Figure 3.11. The reflected power of finline 
horn antennas "H1","H2" and "H3" were measured on the vector 
network analyzer from 8.0 GHz to 12.4 GHz. The reflected 
power vs frequency of finline antennas “H1", "H2" anq "H3" 
is shown in Figures А.24,А. 25 and A.26 respectively. It can 
be seen from Figure 3.11 that finiine horn "H1" and "H2" had 
a steady gain over a band of frequency Lut the finline horn 
ин“ had a very oscillating gain. The finline horn antenna 
"H1" had a gain of 12.75%0.25 dB over a band of 9.8 GHz to 
11.6 GHZ with a VSWR of 1.67 “he finline horn antenna "H2" 
had a gain of 14.00% 0.75 dB over a band of 9.8 GHz to 12.2 
GHz with a VSWR of 1.43. 

Up to this point all the finline horns were designed tor 
a uniform phase front. If we extend the dielectric furtaer, 
we can make a converging lens. In order to see the effect of 
this extra lens beyond the lens already extended for the 
uniform phase front, we extended the dielectric of finline 
horn “H2" in a half circle shape and measured the gain for a 
frequency range of 8.2 GHz to 12.4 GHz. The E-plan radiation 
pattern of finiine horn "H2" with converging lens is Shown 


in Figure A.17. It can be seen from the radiation pattern 
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that it had a gain of 13.0 dB , 20.0 deg. beam width in the 
E-plane and the side lobes were 12.0 db lower than the main 
beam. The gain of finline horn "H2" with uniform phase lens 
and "H2" with converging lens is shown in Figure 3.12. It 
can Le seen that finline horn "H2" with uniform phase lens 
had an overall higher gain as compared to the finline horn 
"H2" with converging lens. 

In the preceding paragraphs, we have considered the 
effect of the different parameters like "S", Slot width, 
strip width, lens effect, flare length(Le) and flare angle. 
Ia the following paragraphs we will consider the effect of 
the dielectric constant (rr). 

We made a tinline horn "I" with Er=10.2, the slot was 
transitioned fron the coaxial cable and tne width of the 
slot was match to the impedance of the coaxial cable. The 
parameters are shown in Table I. The E-plane and the H-plane 
radiaticn patterns are shown in Figures А.20 апа A.21 
respectively. this horn nad a gain of 4.0 1B. The bean 
widths in the E-plane and the H-plane were 36.0 deg. апа 
96-0 deg. respectively. The side lobes were 14.0 dB lower 
than the main beam in the  E-plane. Tunis horn was used for 
the design or the monopulse comparator. 

In order to see the effect of dielectric constant (Er) 
Over a wide radiating aperture, we made tne fin line horn "g" 
with the same dimensions as finline horn "H2" , Düt ou ап 
2r-12.0 substrate. Ihe radiation patterns of tais horn in 
the E and -planes are shown in Figures 4.22 and А.23, 
respectively. The reflected power is Shown in the Figure 
A.27- It had a gain of 4.6 аВ ‚28.0 deg. and 100 deg. beam 
widths in the E and H-planesS respectively and the E-plane 
side lobes were 16 dB down. It had a VSWR of 1.67 over the 
same frequency range as finline horn "H2". 

It can also be seen that the main beam pattern of 


гіпііге horn "Jj" was not smooth, this наз prokably due to 
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Figure 3.12 Gain of Finline Horn d2 with Different Lens. 
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the fact that the wavelength in dielectric for this norn is 
much smaller as compared to the finline horn "2" made оп а 
lower Er material. Therefore due to the shorter wavelength 
the slight rough edges on the antenna wiil cause phase 
distortion. 

In summary, the higher dielectric constant reduces the 
overall gain of the antenna, does not change the beam widta 
in E-rlane much, but increases the beam width in H-plane by 
a large amount. 

Before concluding the results of the finline horn 
antennas of different designs, we would like to derive an 
approximate gain equation from these results. 

Ihe finline Гога "НІ" had a aperture of 47.6mm, gain of 
12.2948 at 10.0 GHz and was made with Er-22.54, substituting 


these values in Equation 2.5 gives 


41.6 


E an- coe S 
20.0» (%5Ч) 


(eqn 3:2) 
Finline horn "I" had a aperture of 23.8mm, gain of 4.0 dBat 
10.3 GHz and was made with Er=10. 2. Substituting, these 


values in Equation 2.5 gives 


ЗЕВЗ 


29۹۰۱ ٭‎ Go.) ~ 


(eqn 3.3) 
Simultaneously solving the Equations 3.2 and 3.3 gives the 
value of constants C1- 23.77 and C2= 0.88, substituting 
these values in Equation 2.5, gives an approximate gain 
eguation for finline horn antennas, 


ssim e (uU V. cct CE (eqn 3.4) 


The calculated gain from Equation 3.4 and the measured jain 


are shown in Table ІІ. 
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TABLE II 
CALCULATED AND MEASURED GAIN 


G 
£ 
F 
3 
ee Ge Gee GE Geen Bee. ھچ‎ es ee ee шы - 


Flnline Horn Measured Gain Calculated 
F 10-7 dB 12.2 dB 
G 12: cedi 0 ۶ 
H1 1227 BE 12.2 dB 
H2 1323 dB 2210 ЧЕ 
H3 12-0 3B 19. та 
I 4.0 dB 4.0 dB 
J 4.6 dB 6.7 ЈЕ 


! 
eun 


It can be seen from Table II, that the calculated gain 
is clcse to the measured gain but we do not consider that 
the value of constants are exact , because the finline norn 
antennas used for the derivation were being optimized by the 
experimental results and only two finline horns were tested 
on different dielectric constant Substrate. However, it can 
be seen that the theoretical aspect explained in Chapter 2 
works and the exact gain equation can be derived by the 
optimum deSigned finline horn antenna tested inan ideal 
conditions and with different type of substrate. In a 
sinilar way, tne equation for bean widths can also be 
derived. 

The summary of all the finline horns tested is as 
rol Vows: 

The gain of the finline horn is directly proportional to 
the radiating aperture in the E-plane and decreases with 
increasing value of dielectric constant, Er. The dielectric 
constant controls the beam width in the H-plane and the pean 
width in the E-plane is mostly controlied by the aperture 
size. The E-plane beamwidth has very little dependence on 


dielectric constant. 
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The shape of the radiation pattern mostly depends upon 
the phase deviation in tne E-plane (S) and the phase devia- 
tion in the H-plane (T). For a neat radiation pattern with 
clear main beam and low side lobes in the E-plane the valve 
of "S" needs to be less than 0.1 and for a neat radiation 
pattern in the H-plane the value of T also needs to be low. 
However, a high value T does not distort the H-plane pattern 
but will give a wide Ebeamwidth. 

The slot width needs to be narrow. AS we saw for 
Ес=2.54, a Slot width or 1.6mm gave nice results. A further 
reduction in the slot width might improve the gain sligntly. 

Tie width of the flare strip, can be A/4 or A2 with 
copper tape on the outer edge. However, ln the later experi- 
ments, we concentrated on the A/2 configuration, because it 
seems to reduce the field radiated from the top and bottom 
edges of the antenna through the dielectric. 

The extended share of dielectric to produce a uniform 
phase front at an imaginary plane increases the gain but the 
use of a converging lens decreased the overall gain or the 


one finline horn antenna which was tested. 


65 


IV. FINLINE MONOPULSE COMPARATOR 
This part of thesis was jointly done by the autnor and 


Rowley [ Ref. 16], who was working on the finline magic-tee. 


А. DESIGN OF MONOPULSE COMPARATOR 


Two finline horns joined with a finline  magic-tee made 
on a Single substrate can form a single channel of monopulse 
comparator. 

Port 1 and port 2 of the finline magic-tee [Ref. 16] 
were flared to a radiating aperture to make a finline horn 
oh either port. The finline horns had the same physical 
dimensions as finline horn antenna "I" previously described. 
The layout of the two finline horn antennas joined with a 
finline magic-tee is shown in Figure 4.2. The monopulse 
comparator with fixture iS Shown in Figure 4.1. The outputs 
from the sum and difference pcrts were fed through micros- 
trip to coaxial cable as explained by Rowley [Ref. 16] and 
as shown in Figure 4.2. The comparator was etched ona 
dielectric constant of 10.2 substrate with a thickness of 
0.03125 inches. The comparator was designed at 10.3 GHz 
center frequency, Lecause at this frequency the fin's neight 
was made А/2, зо that the short from the waveguide wall 
Would reflect back aS a Short at the inner edge of the Slot. 
The width of the slot was matched to the microstrip аай 
subseguently to the co-axial cable impedance. 

The parameters of individual finline horn antennas are 
determined by tne gain, beamwidth and sidelobe requirements. 
The distance between the horns is also very important 
because the final share of the pattern can be controlled by 


tne distance between the individual elements. For the sum 
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Figure 4.1 Picture of Monopulse Conparator with Fixture. 


pattern the element pattern is multiplied by the normaiised 
cosine function and for the difference pattern tne «лелепс 
pattern is multiplied by the normalised Sine function. The 
distarce between the nulls of the Sine or cosine function 
depends upon the distance betweens the element in  vavel- 
engths. For this design the distance between the horns «as 


arbitrarily chosen. 


B. PERFORMANCE OF MONOPULSE CCMPARATOR 


The amicroline 56X11 Standard gain horn antenna жаз 15-1 
ror reference patterns. Tne E-plane sum pattern iS SnoOWwn in 
mere 4.3. it had a gain of 8.0dB and beam width of 24.0 
degrees. From here, it can te calculated tnat the elenent 
pactern had a gain o£ 5.043, ЖОО ите ٦٢١. 0٥63 higher than ths 
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Figure 4.2 
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difference pattern is shown in Figure 4.4, it shows a nice 
null at the center. The E-plane sum and difference patterns 
are shown togather in Figure 4.5. The amplified sum and 
difference patterns are shown in the Figure 4.6, which shows 
that the null depth in the difference pattern was greater 
than 40 dB from the peak of the sum pattern. The H-plane 
radiation patterns are shown in Figures 4.7, 4.8 and 4.9. In 
the  H-plane the comparator had the same gain as in the 
E-plane. The sum pattern hada very wide beam width and 
there was almost no power in the difference pattern. 

The sum and difference port reflected power is shown in 
Figures 4.10 and 4.11 respectively. It can be seen from 
these Figures that there was high reflected power on both 
ports. Most of the reflection was caused by the microstrip 
to coaxial cable transition because the dielectric used was 
very soft. The connectors center conductor were not making а 
stronge contact with the microstrips and were finally sold- 
ered for continuity. It can also be seen that it had less 
reflected power at the higher frequencies. 

The two of these single plane comparators orthogonal to 
each cther with one more magic-tee or two of these parailel 
to each other wlth two magic-tees can form a dual plane 
finline monopulse comparator system. This type of light 
weignt, integrated monopulse feed system nas great possibil- 


ities for military and space applications in future. 
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Figure 4.4 E-Plane Monopuise Comparator Difference Pattern. 
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А. CONCLUSIONS 


This thesis mainly concentrated on the optimization of a 


finline horn antenna and showed its application іп а mono- 


pulse comparator. A summary of the results is as follows: 


1. 


The gain of the finline horn antenna is directly 
6یا‎ тода: to the size of the radiating aperture in 
he E-plane. 


A higher dielectric constant decreases the gain or a 
ور رج‎ horn antenna if other parameters are held 
constant. 


The slot vidth need to be narrow to prevent secondary 
radiation from the end of the antenna feed line. For 
Еран a slot width of 1. бша дате satisfactory 
results. 


For the lower side lobes the maximum pnase deviation 
in wavelengths, (514 needs to be lower than 1/8. This 

DEO in calculating the flare angle and flare 
ength. 


The beam width in the E-plane is mainiy controlled ру 
the size of the radiating aperture and the beam width 
in the H-plane is ccntrolled by the dielectric 
constant of the material. 


A uniform phase front design increases the overall 
ain of the finline horn antenna. We also saw that 
urther extension of the dielectric beyond the 

uniform phase front design in a half circle Shape to 

form a converging lens, adversly arfects toe perforn- 
ance of the antenna. 


Ab approximate gain equation for the finiine horn 
antenna can be dérived from the experimental results 
obtained for properly 26514144 antennas witn optimum 
ап and fabricated on ifferent dielectric subs- 
rates. 


Two finline horn antennas can be integrated wita а 
finline  magic-tee to form a monopulse comparator. 
Very nice sum and difference patterns were obtained. 
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В. RECOMMENDATIONS 


[n 


view of the different observations made during 


testing, follow up work is recommended as inicated below: 


1. 


A better fixture for holding the finline horn antenna 
sould be designed for further experimentation. 


The effect of different parameters on the performance 
on the finline horn antenna has been noted. However, 
the thickness of the dielectric was not considered. 
It night be intesting to see the effect of tne 
dielec e testing the same horn fabri- 
cated on different dielectric thickness material but 
with the same dielectric constant. 


The material used for the monopulse comparator was 
very thin and soft. For better results the comparator 
should be fabricated and tested using a hard 
material. А better fixture for the monopūlse compa- 
rator is also required for any further testing. 


It might be intersting اق‎ maklng four  finline 
horn antennas and four magic-tees on a single soft 
substrate and e it ina U shape to form a dual 
piane finiine monopulse system. 


it might be intersting to measure  near-field (pnase 
and 2 of “һе optimized finline horn and 
compare with the regular horn antenra. 


80 


RADIATION PATTERNS 





Frequenoy 
Plane 
Gain 
_ Beam Hidth 22.0 deg. — 


I mos 


Regular Standard 
Gain Horn. تع‎ 


۲۱۳۲۱۱۳٢۹ Horn A 3 
(with цип! ог face; | 
front.) 


> : ` x 
i г 5 aq d ^ 
f у x 


4 


t 
—а— ў 


1 


> 


| 


ВЯ 


Jä 


| 
~ 


> 
< 
z 
z 
° 
с. 
w 
= 
° 
- G. 
ш 
> 
> 


RELATIVE POWER Of 
р = 
à Å P . “ 


— 





BE cos. Gee Gas GE gee Oe ee Ge Gee ee Se BE „у ee ee سے سے‎ Gee Ge Ge eee, See ¿== س کے س کک سے یس سے جک‎ e کک س‎ mus ұқса. لیے سے سد وی ےد کے ج جد سد‎ 


— ча ہے‎ ЁШ» э Qu са ce pe Ñ am W... G. S. уз ے کک‎ s. a Se دس‎ 


= 


Figure A.1 E-Plane Radiation Pattern of Finline Horn "A". 
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Figure A.2 E-Plane Hadiation Pattern of Finline Horn *"A*. 
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Figure A.10 H-Plane Radiation Pattern of Finline Horn "Е". 
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Figure A.13 E-Plane Radiation Pattern of Finline Horn "H1". 
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Figure А.14 


H-Plane Radiation Pattern of Finline Horn "H1". 
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Figure A.15 E-Plane Radiation Pattern of Finline Horn "H2". 
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Figure 4.18 E-Plane Radiation Pattern of Finline Horn "H3". 
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Figure A.27 


107 


APPENDII B 


COMPUTER PROGRAM TO DRAW FINLINE HORN ON HP9845B PLOTTER 


10 

20 

за 

40 

59 

60 

га 

80 

90 

199 
119 
120 
130 
148 
150 
169 
120 
180 
190 
249 
219 
229 
230 
240 
259 
260 
220 
2809 
290 
399 
319 
220 
339 
344 
250 
350 
370 
380 
390 
399 
410 
420 
430 
440 
359 
460 
470 
480 
499 
500 
$10 
$20 
$30 
$40 
$50 
$60 


= > 
-2 4 


580 
590 
600 
610 
620 
630 
540 
650 
659 


FIN LIH HORN DESIGN 
BY 
LCDR MUMTAZ UL HAQ 


- = = 


MSEE THESIS HORK ! 
NAVAL POSTGRADUATE SCHOOL ! 
CWRITTEN ON HP-9845B USING. RN HP-9S?2C PLOTTER) ! 


MISC. PROGRAMING INFO: 


"MSCRLE" ACCURATEEs SEREESs ПЫЕМБЕОРТЕР РИ ИРЕ ШЛЕТЕРБ 52 
BY USING "MSCHLE,. ACE UNITS IN TH! ЕЕ НЕЕ ГИ min. 


MSCRLE 200,142.9. СЕНТЕРЗ ВЕРЕН ОНО ВОЕТОЕ РАРЕР І! 
MSCALE 119.376, 91.7: CENTERS ЗЕРЕ ОП ПЕР ЕРЕК! 


(ІР -102,149,-40.30 | WHEN USED LIMITS PEN TPAVEL AS 5НОЫН. 
FRAME !' WHEN USED DRAWS A BORDER AT CLIP LIMITS 


О mee mm mm meme me m c m com =‏ ہے ہے 


PLOTTER IS "9372A" COORDINATES COMPTER AND FLOTTEP 

DEG ‘ALL ANGLES ARE LISTED IN DEGREES 

! 

t 

Xcernter=135 'CENTER OF DPAWING ON PAGE IN mm FFGM LOWEP LEFT. 
Yceriterz1z0 (CENTER OF DRAWING ON FAGE IN mm FROM LOWEP LEFT. 
MSCRLE Xcenter, “сеп: ег ‘UNITS ARE mm FROM STATED ORGIN LUCATION 

۱ 

Репте. 35 ITHIS IS THE PEN THICKNESS, AND IT IS CORFECTED 
! FOR AUTOMATICALLY IN THE DPAWING. 

$са!е=1 'EMTIPE DPAWING IS SCALED TO THIS FACTOR 

۱ 

Mm=Scale 'SCALES ALL LISTED mm VALUES 

Іпкг5,4%бсаі> ІСОНУЕЕТО AND SCALE? ALL LISTED inches ۷۳۶۳ ۲ 
! | 
1 мепимёег = 1 'FIPST DIGIT OF LINE TYPE CODE 


Segmentsize=0 !ISECOND DIGIT OF LINE TYPE CODE 
! ` 


і 
! 
! THE FOLLOMING VRPIRBLES DESCRIBE THE ENTIRE DRAWING. THE PEST OF THE 

' PROGRAM USES THESE VYRLUES EXCLUSIVELY ТОС ОИЕ ТЕШЕТ ЕЕЕ Е СЕ ел 

' ANY CHANGE IN THESE YARIAELES WILL FESULT ІМ БЕС н5 5 ОСТАТЕШ РНРИПЕТЕНЕ 
' IN THE DPRWIHAG BEING НВЛИЗТЕр AUTOMATICHEL YT. SDS TINE THESE ۷/6 

! AND EVALUATING THE PESUETS Sls ЧЕ НИТ ТЕШЕП СЕ ПЕ ۷0 

! DESIGN». 

! 

! 

! 

І 


USER DEFINED RP IFBUES: 


м=8 


Determines the length of Horn. ! 
Ра2 Determines tne width of strip. ! 
М= 3 Determines the length for transitian. ! 


Erx2.94 Dielectric Constant. ! 
Freq=1.09E190 Operating Frequency. ! 
Huazi.295*Mm Half width of slot. ! 
' 

! DIMENSIONS OF FIXTURE: 

І 


1 
t 
I 
Hangle=10.1 ' Half angle of finline Horn antenna. ! 
I 
' 
! 


Ныр-5.05%Мт ' Half of Inside 31002٣٥ of ни 


198 





679 Нъдз4 #Мт I! Extented flange >f waveguide. ! 


680 Н16р=66. 15 +Мм t Length of fin inside the waveguide. | 

690 Hlc=??7.1*Mm i Length or fin for transition, ! 

700 І 

210 І 

720 i FOLLOWING VARIABLES ARE COMBINATION OF USER DEFINED VARIABLE, 
238 ! RND DEFINE THE WHOLE DRAWING. 

249 ۱ 

250 ۱ 


760 Lambdazeros3.0E11«Mm^fFreq 
270 LamdadsLambdazero^"SQRCEr» 
288 Hle=N*Lamdad Length of Horn flare from center, ! 
290 HuszLamdad^P With of Horn strip. ! 


| Wavelength in air. | 

I 
890 Hla=Hle-Hwa-SINCHangle» ! Length of Horn flare trom mouth. ! 

I 

! 

I 

! 


Wavelength In dielectric. ! 


810 НІ ахаНн1 а»СО5(Нала1е» Horizontal length of Horn flare. ! 

820 Hlau=z=Hla*SIH(Hangle) Half of Horn slot. ! 

830 HusxzHus*tSINIGHangle? Lateral offset distance at end of Horn. ! 
840 HusvzHus*COSCHangle» Vertical offset distance at end of Horn. ! 


850 і : 

860 ! 

878 X820 Set location of drawing with respect to, 
880 the origion. ! 


398 XazXÜ-Hlax-Husx 
200 Хьзхд-Ніах 

910 Xc2X0-Husx 

920 XdsX0*Hlb 

930 xesxQ*Hlb*Hlc 


Outer edge of Horn opening. ! 
Upper edege of Horn opening. ! 
Horn mouth, ! 

Length of slot inside waveguide. ! 
Length of transition. ! 


ы ан - > - - 


940 ! 

950 ! 

960 Удай Set location of drawing with respect to, 
970 the origion. ! 


980 YasYO*Hua 

990 УраеуУй»-ньб 

1000  vY"csYvO*Hua*Husy 
1010 YdzzYb*Hud 

1020 Ye=Yð+Hwa+H] ay 
1930 YfsYe*Husy 


Width of inside slot. ! 

Inner гаје of waveguide. ! 

Upper edge of Horn flare at mouth. ! 
Upper edge of tansition, ! 

Heigth of outer @¢dge of Horn. ! 
Heigth of upper outer edge of Horn. ! 


= т-- --- -- - - - — 


1940 | 

1959  ! 

1060 FOR Hfills1 TO S STEP 2 l! Fill in the Horn, ! 

1070 PennsPen*Hf£11] 

1888 Hanglels4S5-Hangle | Uesed to determined the offset at t^e, 

1090 ! end of Horn, ! 

1100 Hangle22(180-Hangle»^72 I Used to determine offset at the mouth of Horn 
ان‎ 

1118 Hangleb-zRTHCHub-Hua»-^Hle»5 ! Used to determine orfset at the transition. ! 
1120 PenoffsetlhzPenn72+fOSiHanglel>»#SQR62: 1 Correct point 2 in x direction, 
1130 I and point 2 ín y direction. | 

1140 Penof£f£set2hsPenn^v2*»zlH(Hanglel»5*SQRé2D5 ! Correct point 2 1n y direction, 
1150 I and point 3 in x direction. ! 

1160 Penoffsetsn=ePenn’2/TAN(Hangle2) l Geerects point 1 in x< direction. | 

1170 PenoffsetánsPenn^z2*TRN(Hangleb^725 ! Correct point 10 In x direction. ! 
1180 Penoffset Sh=Penn’2/TAN’( 4S5+hHanglebd’2) ISCorrect. point 9 in v direction. ! 
1190  Репо зе: бияРепп. 2. ТАН( 45 + Напа! е/2) I Correct point 4 in y direction. | 
1200 ! 

1210  ! 

1220 ! FOLLOWING LINES DEFINES THE K CO-ORDINATE OF HUPN POINT BY POINT. ! 

1230  ! 

1240  ! 


1250 X1hsXc*Penoff£set3h 
1260  X2hsxa*Penotft set 1h 
1270  X3hsXb*Penoffset2h 
1280 3 X4h*Xo-Penn^2 
1220 Х59п=хо-Репт/2г 
1300 3X6hsXd*Penn^72 
1310 X?nsXd*«Fenn^72 
ра 4ап=хе-Реппт/2 
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1339 
1340 
1359 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1439 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1520 
1588 
1598 
1690 
1610 
1520 
1630 
1640 
1650 
1658 
1570 
1688 
1698 
1700 
1710 
1720 
1739 
1740 
1750 
1762 
гета 
1788 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1300 
1910 
1920 
1930 


1940 
1950 
1960 
1270 


X9hsXe-Penn^72 

XlO0hsXd-Penoffset4h 

} 

' 

! FOLLOWING LINES DEFINES THE Y CO-ORDINATE OF HORN POINT BY POINT. ! 

І 

! 

YihsYaePenn72 

Y2hsYe*Penoffset2h 

Y3hsYf£-Penoffsetlih 

Y4áhsYc-Penoffsetóh 

YShsYb-Penn^2 

убнать-Реппи/2 

Y7h=Yd-Penn~2 

Y8nsYd-Penn^72 

Y9n2Yb*PenoffsetSh 

YlOhsYa*Penn22 

I 

I 

I FOLLOH1NG L1NES DPRH THE HOÜORH FOR LRRGE Fl1ZTUFE., ! 

! 

! 

FOR Image=8 TO 2 STEP 2 

LINE TYPE Linenumber,Segmentsize ! Plotter select dotted line with, 

! overlap to draw Horn. ! 

1м=1-1 паде 

MOVE Xin, Vilhelm 

DRAW X2n,Y2neIm 

DRRW X3h,Y3h*1m 

DRRW X4h,Y4hn*Im 

DRAN XSh, YShtim 

DRAW «би, 7ъи+ | м 

DRAWN Х?И, ТРИх [т 

DRAW XSh,'T8h*Im 

DRAW X9h,Y9n*Im 

DRAW х1 ди, 1 ди + Ти 

DRAW Xih,Yih*im 

IF Hfil!»1 THEN GOTO 1998 

Хдвагс + Хс + Низ/ ТВН( Напа | е) 

YOarc=Y79 

LINE TYPE 4, .4=5са1їе ' Select linetype to draw phase front and, 
I transition outline., | 

FOR Beta=0 ТО Напа! е STEP 2 

! 

1 FOLLOWING LINES AFE THE EQUATIONS THAT DEFINE PRRALLEL PHRASE FRONT, 

! LENSE OUTLINES. ! 

Aarc=1-COS¢ Bet ad 

Barcs1-COS(Hangle) 

Carcsl1^7"SORCEr»-COS((Beta») 

Пағс«С05(Напд21е2-1/50Р<Ег)» 

ЕБағс«С05<Вееа;/%41-<50ЕСЕғ>) 

ВхН! е + «с Вагс + Вагс #Сагс “ОЦагс) „Е згс 

Нг а хНТе + В + Реп 


Thickness of lens. ! 

Radius from center of flare to edge, 
of lens. ! 

A Position GIT AFC и 

Y Post:t3on of sare. |! 


XarcxXQarc-Hrad*«COSCBeta» 
YarcxYQarc-Hrad*SllHhcBert a» 

ЈЕ Bet azó THEH MOVE xarc, arr 
ОКЯН Хагс, Тагс + [м+- | ! Draws outline for lens. | 

NEXT Beta 

І 

' FOLLOWING LINES DRAW OUTLINE FOP TRANSITION FROM WAVEGUIDE TO SLOTLINE. 


I 

хрћ=хе +М+  зтазда 
YbazYvO-.0l1*Lamadad 
MOVE Хе, "Б+ | а 
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1989 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 


DRAW Xbh, Ybatla 

NEXT Image 

NEXT Hf111 

i 

! 

LINE ТҮРЕ 1 

! 

XheadingzXQ-3*In 
YheadingsYe*.S*In 
CSI-CE .f*In 

MOVE Xheading, Yheading 
LABEL “FINLINE HORN by LCDR MUMTAZ UL HAQ" 
PEN 8 

МОУЕ 5888,588 

END 
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